plant (Ivins, 1952; Foster, 1988 In the northeastern USA, producers frequently estab- , 1996). Greater forage growth during the summer, contributed mainly by the forb component (mostly chicory), improved total seasonal production. Trials with several mixtures of forbs, grasses, and white clover un-
In the northeastern USA, producers frequently estaband the minerals P, K, Ca, Mg, Mn, Cu, B, and Zn. Averaged for lish and manage complex pasture plant communities cultivars, chicory had 11% higher (P Ͻ 0.05) IVTD and 6 to 20% . New Zealand research indilower (P Ͻ 0.05) NDF than plantain. Concentrations of all minerals, cated that complex mixtures of cool-season grasses, leexcept for Ca, were 17 to 48% higher (P Ͻ 0.05) in chicory than in gumes, and pasture herbs including chicory and plantain plantain. There were few meaningful differences in nutritive value yielded more dry matter under sheep grazing than mix- , 1996) . Greater forage growth during the summer, contributed mainly by the forb component (mostly chicory), improved total seasonal production. Trials with several mixtures of forbs, grasses, and white clover un-F orage-livestock producers in the northeastern der low-input management indicated that plantain com-USA often face a shortage of forage on pasture peted well with grasses (Fisher et al., 1996) . The includuring the mid-to late-summer. Cool-season grasses in sion of a summer-active forb in mixtures may improve the Northeast are most productive in the spring and fall.
the nutritive value of mid-and late-season forage on Producers would like productive and nutritious forage mixed-species pastures (Belesky et al., 1999 . crops for the summer period. Grasslands Puna chicory Mineral concentrations in broadleaf plants, such as is an alternative forage introduced from New Zealand chicory and plantain, have been reported to be higher (Rumball, 1986) . North American research indicates than those of grasses and other forages (Thomas et al., that chicory persists in mixtures with other cool-season 1952; . Barry (1998) listed higher forages and increases late-season herbage production concentrations of Ca, Na, K, and Mg in chicory com- (Belesky et al., 1999; Kunelius and McRae, 1999) . Sevpared with perennial ryegrass. The relatively high coneral studies have shown good animal performance on centrations of minerals in chicory and plantain may imgrazed chicory (see Barry, 1998 for a comprehensive prove the nutrition of grazing animals. survey; . Newer cultivars of chicory
We have conducted several studies on the establishare available, but information on their use and nutritive ment, production, and persistence of chicory and planvalue is limited. tain under clipping and grazing (Sanderson and ElRecently, cultivars of English plantain (buckhorn winger, 2000a, b; Sanderson et al., 2002 ; Labreveux et plantain, narrow leaf plantain, ribwort, ribgrass) have been selected for grazing in New Zealand (Stewart, al., 2001) . Our objective in this study was to determine 1996; Rumball et al., 1997) . Plantain commonly occurs the nutritive value of chicory and plantain. as an occasional weed in temperate pastures (Bassett, 1973) and has been described as a palatable pasture More-frequent harvests seemed to improve nutritive respectively, and chicory stands were also reduced in those value. Herbage from the 5-wk harvest interval in 1998 years . Therefore, we analyzed forage was generally one to two percentage units lower in (Table 2) . Chicory was about 11% higher a 1-mm screen in an impact mill. Ground samples were ana-(P Ͻ 0.05) in IVTD than plantain at each sampling lyzed for NDF and CP (N ϫ 6.25) via near infrared reflectance spectroscopy by the Crop Quality Laboratory at Penn State date in both experiments. There were no significant . Derrick et al. Riley (1993) reported NDF levels of 250 g kg Ϫ1 for plantain compared with 229 g kg Ϫ1 for white clover (1993) reported IVTD values of 698 to 913 g kg Ϫ1 for a naturalized ecotype of plantain in the United Kingand 397 g kg Ϫ1 for perennial ryegrass in a greenhouse pot study. dom. We could not find any reports where the nutritive value of chicory and plantain had been compared diChicory had higher (P Ͻ 0.05) CP than plantain at most harvests in both experiments (Table 2 ). There were rectly.
MATERIALS AND METHODS
Neutral detergent fiber concentrations were 6 to 20% only a few instances when cultivars within chicory and plantain differed in CP. Forage Feast chicory had 20% lower (P Ͻ 0.01) in chicory than in plantain during Exp. 1 and 2 (Table 2) . Averaged for cultivars, chicory had higher CP than Lacerta chicory in Experiment 2 and slightly higher CP than Puna chicory in June 1998. Crude NDF concentrations of 412 g kg Ϫ1 vs. 465 g kg Ϫ1 for plantain. Significant cultivar differences in NDF were protein levels of chicory in our study were similar to those reported by Volesky (1996) for Puna chicory observed within chicory and plantain at some harvests. Puna chicory had a lower (P Ͻ 0.05) NDF concentration grazed in different rotational stocking schemes. Cultivars of chicory and plantain differed in the dethan Forage Feast in Exp. 1; however, the differences among chicory cultivars were not significant in Exp. 2.
gree of bolting at each harvest date in both experiments. 
Forage Feast chicory generally bolted less than Puna or

Mineral Concentrations
Lacerta chicory (Table 3 ). The flower stalks of chicory Herbage from the 5-wk harvest interval in Exp. 1 have a lower digestibility and greater fiber concentrawas slightly lower in mineral concentrations than was tion than leaves (Barry, 1998) . With less bolting we might herbage from the 3-wk harvest interval (data not shown). have expected lower NDF concentrations and perhaps For example, P was 4.7 and 4.3 g kg Ϫ1 in 3-and 5-wk a greater IVTD in Forage Feast than other cultivars; herbage, respectively, and K was 33 and 32 g kg Ϫ1 (averhowever, this was not the case.
aged for cultivars and harvest dates; data not shown). There was a great degree of flower stalk formation There were no important interactions, however, bein the plantain cultivars in both experiments (Table 3) , tween species and harvest interval; therefore, means of which might account for some of the difference in nutrithe two harvest intervals are presented (Table 4 and 5). tive value between plantain and chicory (Table 2) . AniPlantain herbage had lower (P Ͻ 0.01) concentrations mal feeding trials showed that flower stalks reduced of nearly all mineral elements than chicory in both exintake and digestibility of plantain fed to sheep (Ovis periments. Plantain was 17% lower in P and about 30% aries) and that the cell wall digestibility of flower stalks lower in K, Mg, Cu, B, and Zn than was chicory. The from plantain was very low (Derrick et al., 1993) . Planlargest disparity between species was in Mn concentratain leaves have prominent parallel veins, which are tion; plantain had 48% less Mn than chicory. protected by bundles of schlerenchyma fibers on each Forage Feast chicory had greater concentrations of side. Plantain leaves also have a layer of collenchyma P and Mg but lower K than Lacerta chicory in Expericells beneath a relatively thick-walled epidermis (Soekment 2 (Table 4) . Lancelot plantain had greater Ca and arjo, 1992). The schlerenchyma fibers, collenchmyma Zn concentrations than Tonic plantain at nearly all harcells, and thick epidermis may account for the higher vests in both experiments; however, cultivar differences NDF levels in plantain compared with chicory.
in other minerals were inconsistent (Tables 4 and 5 ). We evaluated the chicory and plantain cultivars in Puna chicory had lower Cu concentrations than other monocultures; however, these species frequently occur chicory cultivars at most harvests. in mixed-species swards (Belesky et al., 1999) . There is Mineral concentrations in Puna chicory were genersome evidence that mixtures of chicory with orchardally similar to those reported by Jung et al. (1996) and grass (Dactylis glomerata L.) enhanced in vitro digestion (Table 6 ). Jung et al. (1996 ) comkinetics (Turner et al., 1999 ; however, grazing studies pared the mineral concentrations of Puna chicory to showed no difference in weight gain of lambs grazed 'Pennlate' orchardgrass growing at Rock Springs on the on orchardgrass monocultures or a mixed orchardgrasssame soil type as our experiments. We have summarized chicory sward. Although we showed little different among the concentrations from the "moderate" management chicory cultivars in NDF or IVTD, recent research with system (four cuts, 200 kg ha Ϫ1 N) of that study in Table 6 the same chicory cultivars suggests that sheep and whitefor comparison. We found slightly higher P, K, and Cu tail deer (Odocoileus virginianus) prefer some chicory concentrations than Jung et al. (1996) . Concentrations cultivars over others (Foster et al., 2002) . In a freeof Ca, Mg, Cu, B, and Zn in chicory and plantain in our foraging situation, deer avoided Forage Feast and sestudy were all greater than for Pennlate orchardgrass lected Lacerta chicory. In cafeteria trials, sheep also reported by Jung et al. (1996) . The mineral concentraavoided Forage Feast. Thus, other plant traits (perhaps tions of plantain in our study were generally similar secondary metabolites) may affect animal performance to those reported by Wilman and Riley (1993) who compared several different naturalized ecotypes of on chicory (Foster et al., 2002) . , 1998) . The high cation-anion balance causes ver in a greenhouse pot study.
Mineral concentrations of plantain and chicory in our a mild metabolic alkalosis, which reduces Ca mobilization from bone and availability of dietary Ca potentially study were comparable to mineral concentrations listed by the NRC (1989 NRC ( , 1996 for late vegetative alfalfa and leading to milk fever. High levels of dietary K may also inhibit Mg absorption from the rumen. white clover (Table 6 ) and generally met or exceeded the mineral nutrient levels recommended by the Na-
The relatively high concentration of Mg and Ca in chicory and plantain (Table 4 ) may reduce the risk of tional Research Council (1989 Council ( , 1996 for lactating dairy cattle (Bos taurus) and growing beef cattle (Table 6) .
grass tetany (hypomagnesemia) on mixed species pastures. The risk for grass tetany is very high on lush The levels of K in chicory and plantain (Table 4) could be a concern in maintaining the cation-anion balance of pastures with less than 2.0 g kg Ϫ1 Mg, 3 g kg Ϫ1 Ca, 1.5 g kg Ϫ1 Na, and K at greater than 30 g kg Ϫ1 of dry matter grazed lactating dairy cows. High levels of K in green pasture often leads to high dietary cation-anion balance (Mayland and Grunes, 1979) along with N concentra- . Concentrations of Mg, Ca, grazed forage and may be equivalent in nutritive value and Na were all less than these thresholds for chicory to forage grasses and legumes. Our earlier research docand plantain in our study. Potassium concentrations umented yields of 5000 to 8000 kg ha Ϫ1 for chicory and were very high for chicory in a few instances, but gener-5000 to 7500 kg ha Ϫ1 for plantain. Chicory cultivars ally were around 20 to 30 g kg 
CONCLUSIONS
plantain must be balanced against the short-term persistence of chicory and the lack of persistence in plantain Inclusion of herbs, such as chicory or plantain, in pastures may enhance the nutritional profile of the in our environment. 
